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Purpose: The aim of this study was to present a 20-year experience with a single method 
of passive distal perfusion during descending thoracic aortic aneurysm resection. 
Method: Aortic repair with a Dacron graft interposition was performed for 366 consecutive 
aneurysms located between the left subclavian artery and the crux of the diaphragm. The 
extent of aorta resected in 335 patients (91.5%) represented one third or less of the aortic 
length. A 9 mm Gott shunt was cannulated proximally into the ascending aorta (235 
cases), the aortic arch (60 cases), the descending aorta (68 cases), or the left ventricle (3 
cases) and inserted istally into the descending aorta (232 cases), the femoral artery' (127 
cases), or the abdominal aorta (7 cases). Shunt flows were recorded in 91 cases and varied 
from 1100 ml to 4900 ml/min, (mean 2526 ml/min). Distal pressure during shunting was 
measured in 62 patients. It varied from 15 to 120 mm Hg (mean 64.5 mm Hg). The aortic 
cross-clamp time varied from 8 to 124 minutes (mean 30 minutes). 
Results: The hospital death rate was 12% overall and 9.9% (35/351) if ruptured aneurysms 
are excluded. Among 359 operating room survivors, neither immediate nor delayed 
ischemic spinal cord deficit occurred. Transient renal dysfimction occurred in nine patients 
(2.4%) and kidney failure in one (0.2%). Five deaths (1.3%) were shunt related. 
Conclusion: Distal perfusion with the 9 mm Gott shunt has proven to be an effective 
method to preserve spinal cord function. The limited extent of aorta resected and the brief 
aortic cross-clamp time may also be interactive factors of protection. (J VASC SURG 
1995;21:385-91.) 
The spinal cord is the organ most vulnerable to 
ischemia during descending thoracic aortic surgery. 
Experimentally, a complete interruption of the blood 
supply to the spinal cord for 10 to 15 minutes has 
resulted in a high incidence of paraplegia.1 Clinically, 
cord injury has been reported after 18 minutes of 
cross-clamp time? To prevent this complication, we 
have used the 9 mm Gott shunt (TDMAC-heparin 
shunt; Sherwood Medical Industries, St. Louis, Mo.) 
as a single method of distal perfusion without 
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systemic administration of  heparin for the past 20 
years. 3
MATERIAL  AND METHODS 
Clinical material 
Between July 1974 and April 1994, 366 consecu- 
tive patients underwent a graft interposition of the 
descending thoracic aorta (bounded above by the left 
subclavian artery and below by the crux of  the 
diaphragm). The median age was 56 years (range 18 
to 82 years). Two hundred thirty-eight patients 
(65%) were men, and 128 (35%) were women. 
Four different causes were represented: acute and 
chronic traumatic aneurysms in 82 patients (22.4%), 
degenerative or arteriosclerotic aneurysms in 172 
(47%), acute and chronic type III dissecting aneu- 
rysms in 83 (22.6%), and congenital aneurysms in 29 
(8%). 
In only 157 patients, the size of the aneurysm was 
clearly identified. It varied from 2 cm for saccular 
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Fig. 2. Proximal and distal aortic cannulation is in center 
of two purse-string sutures, with anchorage and &airing of 
shunt. 
Fig. 1. Drawing of preferred sites ofcannulation for most 
aneurysms situated in proximal one third of descending 
aorta and for nondissecting aneurysms. Proximal clamp is 
positioned on aortic arch for optimal exposure of proximal 
anastomosis. 
aneurysms to 15 cm for fusiform aneurysms and 
averaged 6.2 cm. Three of the 15 ruptured aneurysms 
had a small size (4 cm, 4 cm, 5 cm). Hypertension 
was present in 207 patients (56.5%). At the time of 
their admission i  hospital, 265 patients (72.4%) had 
symptoms, and there was evidence of enlargement on 
serial roentgenograms in 83 (22.6%). False anasto- 
motic aneurysms (n = 3), further enlargement of the 
aorta either proximally or distally to a previous repair 
of a dissecting aneurysm (n = 5), a recoarctation r
a complication of an undersized Dacron prosthesis 4 
used during the initial procedure (n = 6) were 
indications for reoperation i  14 patients. 
Surgical technique 
The first author (A. V.) performed 96% of the 
surgical procedures, assisted either by a member of 
the staff or a senior resident. Anesthesiologists, 
nurses, and a pump technician were all members of an 
experienced team working together on a daily basis. 
The monitoring consisted of a right radial arterial 
fine, a central venous pressure line and a thermodi- 
lution pulmonary artery catheter inserted through 
the internal jugular vein. All patients had a standard 
posterolateral thoracotomy in the appropriate space 
and exposure was facilitated by single lung ventila- 
tion, via a double-lumen endotracheal tube. A double 
thoracic incision was used in 20 cases, a thoracoab- 
dominal approach was used in 12 cases, and com- 
bined thoracic and thoracoabdominal incisions were 
needed in three cases. Distal perfusion was assured in 
all patients with a 9 mm Gott shunt inserted 
proximally and distally to the aortic lesion. This is a 
transparent tube made of polyvinyl chloride designed 
with an unequal diameter throughout i s length. Its 
central portion has an inner diameter of 12.5 mm to 
reduce the overall resistance to blood flow. To 
facilitate aortic cannulation, each end is tapered to 
reach an outer diameter of 9 mm. The thrombore- 
sistant property of its heparin-coated inner surface 
eliminates the need for systemic administration of 
heparin. 
For aneurysms localized to the isthmus, the shunt 
was preferentially inserted between the ascending 
aorta (235 cases or 64%) and the descending aorta 
(232 cases or 63%), and the proximal clamp was 
applied distally to the left carotid artery (Fig. 1). 
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Because of a previous surgical procedure on the 
ascending aorta or an associated ascending aortic 
aneurysm or a friable aortic wall, the following 
alternative sites ofcannulation were used in 63 cases: 
the aortic arch either directly or through the lumen of 
the left subclavian artery (60 cases) and the apex of 
the left ventricle (3 cases). For aneurysms confined to 
the midportion of the aorta (68 cases), the shunt was 
inserted between the proximal and distal descending 
aorta. In 127 cases, a retrograde perfusion through 
the left femoral artery was needed because of the 
presence of a dissecting aneurysm or an aneurysm 
situated in close proximity to the diaphragm. In seven 
cases, a thoracoabdominal exposure made the ab- 
dominal aorta suitable for cannulation above the 
celiac axis. 
Safe insertion of the shunt was achieved in the 
middle of two sets of purse strings sutured through 
the full thickness of the aortic wall (Fig. 2). The 
ascending aorta is always deeply situated from a left 
chest approach. Its cannulation can be facilitated by 
encircling it with an umbilical tape so that the aortic 
root can be pulled out of the pericardium. A rubber 
ring (Fig. 2) affixed I cm from either end of the shunt 
prevents excessive penetration i to the aortic lumen. 
When the femoral artery is used for retrograde 
perfusion, the distal tip of the shunt is introduced 
through a 10 mm woven Dacron prosthesis previ- 
ously anastomosed as a side branch to the artery. 
There are two advantages to this technique: (1) 
Whatever its size, the femoral artery can always 
accomodate a 9 mm shtmt. (2) Preservation of the 
distal perfusion of the leg during cross-clamping 
prevents clot formation and metabolic acidosis. 
Adequate positioning, complete deairing (Fig. 
2), and optimal performance of the shunt are of 
utmost importance for the safety of this perfusion 
technique. Three methods have been used to make 
sure that the shunt is functional. (A) The turbulence 
of the blood flow is readily visualized through its 
transparent wall as soon as the aorta is occluded. (B) 
In 62 patients, the distal aortic pressure was mea- 
sured. The flat wave suddenly observed as soon as the 
aorta is cross-clamped is converted into a pulsatile 
wave when the shunt becomes functional. The 
pressure varied from 15 to 120 mm Hg (mean 64.5 
mm Hg) correlating with a mean proximal systolic 
pressure of 140 mm Hg. In 64% of the cases it was 
greater than 60 mm Hg, and in 50% it was greater 
than 70 mm Hg. A mean shunt gradient of 76 mm 
Hg is caused by the resistance of the wall to the blood 
flow. (C) In 91 patients, the shunt flow was measured 
by incorporating an electromagnetic flowmeter 
Fig. 3. Circumferential full-thickness anastomoses, with 
deairing of graft before reestablishment of circulation and 
ligation of intercostal rteries after clamp release. 
probe between the two cut halves of the shunt. It 
ranged from 1100 to 4900 ml/min (mean 2526 
ml/min). In 93% of the patients, the flow was greater 
than 1500 ml/min), in 85% it was greater than 2000 
ml/min, in 67% greater than 2500 ml/min, and in 
34% it was greater than 3000 ml/min. Proximal 
cannulation of the ascending aorta (50 cases) assured 
superior flows (2685 ml/min) than aortic arch (2235 
ml/min) (15 cases) or the descending aorta (2330 
ml/min) (26 cases). Distal cannulation of the de- 
scending aorta (48 cases) is superior (2690 ml/min) 
to the femoral artery (2276 ml/min) (43 cases). 
The shunt flow is related to the proximal pressure, 
and this was illustrated in nine cases in which a 35% 
increase of the latter resulted in a 33% increase in 
shunt flow. It is also dependent on the peripheral 
resistance. Shunt flows of 4000 ml/min and 4900 
ml/min, representing the highest flows, were ob- 
tained with systolic pressures of 110 and 140 mm 
Hg, respectively. To release the circulatory strain 
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Table I. Aortic cross-clamp time recorded 
in 350 cases 
Min. No. of Cases 
<15 6 
15 to 20 69 
21 to 30 144 
3I to 40 68 
41 to 50 35 
51 to 60 i9 
>60 9 
imposed on the heart working against the shunt 
gradient, nitroprusside is routinely used. We tried 
to obtain the maximum shunt flow while keeping 
proximal aortic pressure below 150 mm Hg. Only 
five patients had total replacement of the descending 
aorta. Twenty-six sustained replacement of two 
thirds of the aortic length, either proximally (18 
patients) or distally (eight patients). Three hundred 
thirty-five patients (91.5%) had resection of one 
third or less of the aortic length according to the 
location of the aneurysm: the proximal one third 
in 272 cases, the middle one third in 43 cases, and 
the distal one third in 20 cases. The inclusion 
technique was never used. A full-thickness anasto- 
mosis was accomplished so that a circumferential 
incorporation of the adventitia was achieved at all 
anastomotic sites (Fig. 3). Intercostal arteries were 
usually ligated. In only two cases huge intercostal 
arteries below T-10 were saved by tapering the distal 
anastomosis. 
In 350 cases, the aortic cross-clamp time was 
clearly documented in the operative records (Table 
I). It varied from 8 to 124 minutes (mean 30 
minutes). In 219 cases (62%) it was 30 minutes or 
less, and in 46 cases (12.5%) it was 18 minutes or 
less. 
To prevent air embolization to the spinal ar- 
teries, a complete deaifing of the graft (Fig. 3) and 
of the left subclavian artery was accomplished before 
clamp release. An autotransfusion unit has been 
used for rapid reinfusion when blood loss was 
extensive, namely in emergency situations. In elec- 
tive procedures, intercostal artery ligation is pur- 
posely postponed until reestablishment of normal 
circulation to reduce the occlusion time. Hemo- 
dynamic stabilization is achieved by continuous 
reinfusion of blood lost in the operative field. To 
reduce the aortic wall tension, the anesthesiologist 
is asked to lower the proximal pressure around 
80 mm Hg to minimize the hazards of decannu- 
lation. 
RESULTS 
The overall hospital death rate was 12% (44 of 
366 patients). The hospital mortality rate for rup- 
tured aneurysms was 60% (9 of 15) (Table II). If this 
group of patients with free rupture is excluded, the 
hospital mortality rate was 9.9% (35 of 351 patients ). 
Among 366 patients, 359 are operating room 
survivors. They underwent an accurate valuation of 
the function of the spinal cord. No paraplegia nd no 
other spinal cord ischemic deficit occurred. 
Causes of death 
Five deaths were clearly related to the shunting 
procedures (1.3%). An acute dissection of the 
ascending aorta in two patients treated for a type B 
dissecting aneurysm and three right hemispheric 
strokes caused by the detachment of arteriosclerotic 
debris were simultaneously visualized inside the 
shunt. 
Twelve patients had development of ischemic 
encephalopathy from four different causes: hypoxia 
caused by the malfunction of a double-lumen endo- 
tracheal tube (n = 2), cardiac arrest (n = 2), post- 
traumatic brain hemorrhage present before the aortic 
repair (n = 2), hemodynamic instability in patients 
with recognized multiple carotid artery stenoses 
(n = 3), and arteriosclerotic embolism caused by the 
manipulation of aneurysms in close proximity to the 
left carotid artery (n = 3). 
Other causes of death were pulmonary embolism 
(n = 3), pneumonia (n = 2), respiratory failure 
(n = 4), myocardial infarction (n = 4), hemor- 
rhagic shock (n = 7), multiple organ failure (n = 6), 
severe sepsis (n = 1). 
Nonlethal complications 
The most common complication was temporary 
or permanent left recurrent nerve injury (38 pa- 
tients). Respiratory failure necessitated prolonged 
intubation in 19 patients, and seven of them needed 
a tracheostomy. Six patients had either a small 
localized stroke or diffuse encephalopathy of un- 
known origin and recovered completely. In nine 
patients, a transient renal dysfunction occurred, and 
one had development of kidney failure requiring 
hemodyalisis. Other complications included a myo- 
cardial infarction (n = 2), a malignant arrhythmia 
(n = 1), a chylothorax (n = 4), and a popliteal 
embolism (n = 1). 
DISCUSSION 
The most important point to stress is the zero 
incidence of postoperative paraplegia. This cannot be 
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Table II. Death rate in relation with the cause of the aneurysms 
No. % 
Acute traumatic rupture 
Chronic traumatic rupture 
Elective arteriosclerotic aneurysms 
Ruptured arteriosclerotic aneurysms 
Congenital aneurysms 
Acute dissections 
Chronic dissections 
3/43 6.9 
0/39 0 
18/157 11.4 
9/15 60 
0/29 0 
6/52 11.5 
7/31 22,5 
attributed exclusively to the method of shunting. 
Many other factors may have contributed tothe pres- 
ervation of the spinal-cord functional integrity. This 
series represents a 20-year experience with a uniform 
operative strategy, and because one surgeon per- 
formed 96% of the procedures, rapid standardization 
of the surgical technique has been achieved. This has 
been facilitated by the presence of a heart surgery 
team working together since the beginning on a daily 
basis and available for emergencies. Potential hemo- 
dynamic and ventilatory disturbances were managed 
by experienced anesthesiologists. Since 1974, the 
principle of external shunting seemed to us a logical 
procedure for providing distal perfusion. It had been 
previously applied successfully by others, s8 We were 
also convinced that systemic administration fhepa- 
rin was unsuitable for this major aortic surgery. 
Therefore the Gott shunt was adapted. 
Flows up to 4900 ml/min (mean 2526 ml/min) 
with a mean distal perfusion pressure of 64.5 mm Hg 
have been recorded. Most of our patients (85%) were 
perfused with a shunt flow equal or superior to 2000 
ml/min. These data are comparable tothose reported 
by others who have used the left-sided heart bypass 
with excellent results despite the drawback of sys- 
temic administration f heparin. 9 Either method of 
perfusion can meet he hemodynamic requirements 
for the maintenance of spinal cord perfusion. 1°
However, with the Gott shunt, an adequate distal 
perfusion pressure can only be achieved by increased 
cardiac work to overcome the resistance of the shunt. 
The average pressure lost through the shunt is 76 
mm Hg. 
We are well aware that this method of perfusion, 
like any other, cannot reproduce the normal physi- 
ologic conditions of an undamped aorta. Therefore 
the aortic cross-clamp time should be as brief as 
possible. In this series, it averaged 30 minutes, and, 
with accumulated xperience and refinements of the 
technique, it was progressively reduced to 26 minutes 
for the last 200 cases and to 23 minutes for the last 
100 cases. 
A distinctive feature of this series is the large 
number of patients (335 or 91%) in which a short 
resection was performed. In 252 cases this has been 
possible because of the limited extent of the aneu- 
rysm. In 83 cases with a dissecting aneurysm, the 
length of resection was purposely restricted to the 
perforation site and the adjacent dilation of the aortic 
wall. This policy has entailed areintervention rate of 
15 %, comp arable to figures published by others. 11 In 
110 patients undergoing emergency operation, many 
adverse conditions recognized as precipitating factors 
of paraplegia were encountered (shock, hypoxia, 
unstable hemodynamics). In these difficult situations, 
we believe that rapid installation of a functional shunt 
is an essential part of the resuscitation process. In this 
group of patients, it is not always possible to identify 
the recurrent laryngeal nerve before the proximal 
clamp is applied. 
This explains the 10% incidence of vocal cord 
palsy encountered in this series, which compares with 
a 6.7% to 14% incidence reported by others.~2,~3 The 
incidence of perioperative strokes reported in the 
literature varies between 3% to 17%. ~4,~s It occurred 
in 5% of our patients (19/366). Nevertheless five 
deaths were related to shunt insertion, and the close 
examination ftheir causes uggests some limitations 
to the use of this perfusion technique inthe following 
situations: (A) in acute type-B dissecting aneurysm 
with a potential fragile ascending aorta; (B) in 
extensive arteriosclerotic degeneration f the ascend- 
ing aorta and the aortic arch, embolization may be a 
major threat during aortic manipulation. 
In these particular situations, the best alternative 
technique would be the left-sided heart bypass by use 
of the Bio-Medicus heparinless pump (Bio-Medicus, 
Minneapolis, Minn.) that has already given excellent 
results. 14-17 This latter would be also of great advan- 
tage in patients with malignant hypertension and a 
megaaorta in which proximal decompression repre- 
sents a major problem during cross-clamping. 
The 9 mm Gott shunt is a highly reliable and safe 
method of distal perfusion that avoids the need for 
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systemic administrat ion o f  heparin. When its use is 
combined with a br ief  aortic cross-clamp t ime for the 
treatment o f  aneurysms l imited in extension and 
involving most ly the proximal part  o f  the descending 
aorta, paraplegia can be prevented. 
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DISCUSSION 
Dr. Dominic A. DeLaurentis (Philadelphia, Pa.). Dr. 
Verdant attributes his lack of spinal cord ischemia and 
results in avoiding paraplegia to five specific items: one 
surgeon, a Gott shunt, blood and left ventricle volume 
control with an auto transfusion pump, the shortest aortic 
resection possible, and the shortest cross-clamp time 
possible. He outlines these five points in the study. The 
meticulous technical details required in these cases, along 
with mandatory teamwork, are clearly presented in the 
study. 
Fourteen of the 44 deaths, approximately one third of 
all deaths, were stated to be due to stroke in either the 
carotid or vertebral artery distribution. Can you tell us how 
spinal cord dysfunction was ruled out in this group? Do 
you think that this high incidence of stroke was primarily 
in the patients whose aneurysms occurred in the aortic 
arch? 
Was hypothermia or barbituates used? 
Did you reimplant any intercostal vessels at all? 
What happens to patients with these descending 
thoracic aneurysms when you are on vacation? 
Dr. Alain Verdant. There were 15 strokes, although 
two of those were not relevant because they were traumatic 
aneurysms with brain trauma. So there were 13 strokes, and 
those strokes occurred at the very beginning of our surgical 
and anesthetic experience. This is a 20-year experience, and, 
20 years ago, we did not have the variety of drugs available 
now to avoid excessive high blood pressure. I think most 
of those strokes were due to high blood pressure that was 
not completely controlled at the time of cross-clamping. 
The other cause of stroke was poor patient selection. We 
have to choose, by angiography, very localized aneurysms 
and a very healthy aorta for the site of cannulation. 
Hypothermia was not used, but of course temperature was 
not controlled. Most of our patients came out of the 
operating room with a temperature around 33 ° to 35 ° C 
and were warmed in the recovery room. We did reimplan- 
ration of intercostal arteries in only two cases. This was 
done by tapering the distal anastamosis close to the 
diaphragm. When I am on vacation, one of my associates 
performs this operation very easily. 
Dr. John J. Ricotta (Buffalo, N.Y.). How do you feel 
about he Bio Medicus pump? Would you use this in a case 
where you thought here would be difficult aortic cannu- 
lation? My understanding is that we have used this without 
anticoagulation with a good resuk. 
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Dr. Verdant. I never used this technique, so far, but 
this is an additional good technique that can be used. When 
there is no way to cannulate the aorta with the shunt 
proximally, use of the Bio-Medicus pump is a clear 
indicator for this type of very problematic situation. 
Dr. Richard K. Spence (Camden, N.J.). How many 
complications have you seen with the shunt itself?. Have 
you found yourself in difficulty because you damaged the 
aorta and had bleeding from the shunt, or you had to do 
more extensive repair work than you thought you might 
have from the use of the shunt? Have you seen any 
coagulopathies or excessive bleeding in patients after 
reinfusing blood or at the conclusion of the case? This has 
been our experience particularly with the more extensive 
thoracoabdominal aneurysms. 
Dr. Verdant. In response to your first question, we had 
three complications related to the shunt very early in our 
series. Two were from traumatic dissection of the ascend- 
ing aorta in dissecting aneurysms. I suppose there was some 
weakness of the aortic wall. The second was embolism to 
the brain, and, as soon as I put a shunt in the ascending 
aorta, I saw some debris coming into the shunt. I took it 
for granted that there had been some emboli to the brain 
too. This cannot be avoided, of course. To reduce 
hemorrhagic omplications, decannulation is performed 
when the pressure isvery low. We had some coagulopathic 
problems with the autotransfusion, but only in ruptured 
aneurysms when the transfusions were 5000 or 10,000 
cm 3. That was a very unusual case because we usually do not 
retransfuse much blood from the autotransfuser. It is just 
for support, and it varies from 1000 to 2000 cm 3. 
Dr. Dhiraj M. Shah (Albany, N.Y.). How did you 
handle the intercostal rteries? Did you do any reimplan- 
ration or did you just ignore them? 
Dr. Verdant. I usually do not reimplant intercostal 
arteries because this increases aortic cross-clamp times, of 
course. You have to make a choice. I would do it in long 
resections; otherwise, I just ligate the intercostal rteries. 
Dr. Ricotta. Do you ever use the left ventricle as your 
inflow source for the Gott shunt? Do you change anything 
if you have more extensive thoracoabdominal-type an u- 
rysms? Do you use the same sort of routine that you use 
with the thoracic aneurysms? 
Dr. Verdant. I try to avoid the left ventricle because 
this is very fragile and most of those patients have 
hypertension. I have used that approach three times, and I 
have had some difficulty in decannulating the left ventricle. 
I have a picture of the modified shunt that I am using for 
a thoracoabdominal aneurysm. This is basically the same 
technique. I cannulate the aorta proximally and the left 
femoral artery distally. I have adapted the shunt with two 
special connectors, o that I can perfuse the celiac trunk, 
the mesenteric artery, and both renal arteries with four 
12F catheters. I put these tubes in the orifices of each 
of the splanchnic arteries. Of course this does not avoid 
paraplegia. But we are minimizing metabolic acidosis and 
the stress on the cardiovascular system during cross- 
clamping. 
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